
treatment of the threebody problem. 
Esclagnon and Bohl have indicated ap- 
plications of quasi-periodic functions to the 
ordinary problem; special cases in which 
the masses vary with the time have been 
considered by Mestchersky; Laves has 
&died the integrals when the forces de- 
pend upon the coordinates and their de- 
rivatives of the first two orders; and Ebert 
has taken up the problem in space of any 
number of dimensions. 

Bertrand inverted the problem of two 
bodies by proposing to find the law of force 
under which a body, whatever may be its 
initial position and velocity, always de- 
scribes a conic section. This inverse prob- 
lem was solved independently by Bertrand, 
Darboux and Halphbn; and extended by 
Dainelli to general curve trajectories. 
Stephanos has recently given another gen- 
eralization of Bertrand's problem by in- 
eluding in the d i s c k o n  the case in which 
the force hm not necessarily an unique 
direction at every point of the conic see- 
tion. This problem in, has been gen- 
eralized to conditions; which include the 
conic section trajectories as special cases. 
GrSn observed that the law of force under 
which a given curve is described as a cen- 
tral orbit can not be determined uniquely 
if only the position of the center of force 
be known. Oppenheim gave to Bertrand's 
problem a new treatment which included 
the case of finding the central conservative 
forces under which three bodies of arbi- 
trary mass describe given plane curves. 

A further generalization of Bertrand's 
problem presents itself in the problem of 
finding the forces of a central conservative 
system capable of maintaining a system of 
mparticles on as many prescribed but arbi- 
trary orbits in a space of lz dimensions. 

;The resolution of this problem shows that 
,+thecentral conservative character of the 
'motion and the equations of the orbits are 
necixmry and sufficient to determine the 

components of the velocities, only in the 
case of +m(n + 1) bodies, and the com-
ponents of the forces only in that of 2%-1 
bodies. From this point of view the plane 
three-body problem possesses an unique 
generality of its own, in that it is the only 
case in which all the elements of the m e  
chanics of the problem are completely d e  
terminate when the arbitrary plane curves 
described by the bodies under central con- 
servative forces are given. This circum- 
stance has been turned to account in the 
construction of new integrable problems of 
three bodies under laws of force involving 
only the massee and the mutual distances 
of the bodies. 

EDGARODELL LOVETT 
THE RICE INSTITUTE, 

HOUSTON,TEXAS 

THE PHYLETIC IDEA I N  TAXONOMY ' 
TO-DAYevery botanist is an evolutionist. 

I t  may well be that we have not yet agreed 
to the details-as to the particular man- 

ner in which modifications were effected- 
whether they were by slow and almost im-
perceptible deviations from the parental 
type, or those more marked variations that 
we are in the habit to-day of calling "mu- 
tants." Some of us may lay more stress 
upon the "survival of the fittest," others 
upon the "survival of the unlike." For 
some the "struggle for existence'' may ac- 
count for the diversity of plant forms, 
while others see in "adaptation" the ex-
planation of the same diversity. To some 
the ."inherent tendency" in plants to vary 
is a potent factor, while for others all vari- 
ation is a result of "environment." Yet 
with all this diversity of opinion as to 
details there is a practical unanimity as to 
the acceptance of the geheral doctrine of 
evolution. It may be asserted without fear 

* Address of the vice-president and chairman of 
Section C--Botany-of the American Association 
for the Advancement of Science, Baltimore, 1908. 
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of contradiction that all scientific botanists 
hold that the vegetable kingdom as we know 
it to-day is the of a series of evolu-
tions fl'om lower to higher types of plants, 
and that every higher plant owes its present 
st~ucture to the favorable modification of 
son.? ancestral lower plant. To-day when 
we study the particular structure of any 
plant we coasider it to be the the 
modifications that have taken place in its 
phylogenetic history. No botanist now 
considers a species to be a separate or 
special creation, but rather a more or 
less distinguishable variation from some 
other form. 

wi th  such an agreement among botanists 
as to the validity of the doctrine of evolu- 
tion, it needs no argument to sustain the 
thesis that a natural ChSsifiCati~n must 
be an expression of a theory of evolu-
tion. Such tEi~oIl0miC terms as "higher," 
"lower, " "primitive, " "derived, " "rela-
tiomhip," "affinity," etc., can have 
other significance than that given them by 
the doctrine of evolution. TO-day there are 
no hidden or occult meanings to be attached 
to plant ~tI%ctUres. We no longer credit 
She doctrine of signatures, whether in med- 
ical or systematic botany. We no longer 
seek to find the characters which in some 
mysterious way are the marks 
classes, nor those which are necessarily 
ordinal marks, or the characteristic marks 
of families, and so on to genera and species. 
And yet i t  is not so very long since a great 
biologist seriously set about trying to do 
this very thing. You 'emember that 
Agassiz made this attempt2 about fifty years 
ago, and that he his 
plan in definite terms. I may as quote 
the paragraphs in which he states his 
method of charbcterizing different groups. 
They are as follows : 

1'' An Essay on Classification," by Louis Agas-
siz, London. The preface dated December, 1858, 
p 261. 

Brafiches or types are characterized by the plan 
their structures; 

Classes, by the manner in which that  plan is ex-
ecuted, as  f a r  as ways and means are concerned; 

Orders, by the degrees of complication of that  
structure; 

Families, by their form, as  far  as  determined by 

structure;
Bertera, by the details of the execution in special 

parts; and 
Speoies, by the relations of individuals to one 

another and t o  the world in which they live, as 
well as by the proportions of their parts, their 

etc. 

With regard to these he says a little laters 
that "the branches, the classes, the orders, 
the families, the genera, the species, are 
groups established in nature respectively 
upon different and declares 
that he feels "prepared to trace the natural 
limits of these groups by the characteristic 
features upon which they are founded," 
that is, upon those which have just been 
enumerated in my quotation. 

I n  the common systematic characters as 
drawn up by many botanists in the recent 
pmt there has been something of the old- 
tirne notion that we are dealing with ~ e d  
groups whose limits are indicated to us by 
certain rather definite structural characters 
which nature has accommodatingly a& 
tached to all plants in these groups. The 
thought seems to have been that plants are 
"tagged) 9 or ccbranded with the peculiar 
marks the group, these marks having 
otherwise no particular significance. One 
is reminded of the similar use which stock- 
men on the plains make of arbitrary names, 
monograms or hieroglyphics for indicating 
what animals belong to this or that par- 
ticular ranch. And i t  appears that this 
view of the meaning of taxonomy and the 
significance of characters has not wholly 
died out. The most reasonable explanation 
of the inordinate species making practised 
by some botanists is that they are still under 

* "An Essay on Classification," p. 263. 



the dominance of the old doctrine of the 
fixity and inviolability of cllaracters, espe- 
cially the characters of species. When one 
holds this view i t  is very easy for him to 
find in every variation the indication of a 
new species, for all one must do is to find 
that every varietal character is really spe- 
cific according to such rules as those laid 
down above by Agassiz. One may logically 
hold that if characters of a particular kind 
are of ( ' specific" value, they must be valid, 
however faint or obscure they may be. 
Probably the recently observed activity in 
the nlaking of new species is the flicliering 
of the dying flame of this espiring theory. 
Wholly inconsistent with the doctrine of 
evolution, i t  must so011 die out, and .eve may 
well be patient while i t  lasts, praying in 
the meantime that its final happy estinc- 
tion may not be long delayed. 

I need scarcely refer here to the "izzap 
theory" of relationship which was once 
quite the vogue, and of which remnants 
are still to be seen in some charts showing 
the relationships of groups. I n  some of 
these we still see an attempt to indicate the 
genetic relationship of a particular group 
in more than two directions! Before the 
general acceptance of the doctrine of evolu- 
tion such an indication of relationship was 
quite consistent, for into taxonomy no defi- 
nite conception of genetic relationship had 
yet entered. Groups of plants were 
thought of as related to one another, as 
we think of the relationship of one state 
to another on a map. And no doubt i t  was 
a helpful device for giving clearer notions 
of the siinilarities between plant groups. 
Just  as the children in the schools learned 
much by the exercise of "bounding" the 
states, so i t  was profitable in those ante- 
evolutionary days to use these imaginary 
maps to show similarities by nearness or 
juxtaposition. Yet while the practise may 
once have been profitable, i t  is no longer 

so, and to engraft genetic ideas upon i t  is 
really quite impossible. 

There is still another conception of plant 
tasonomy to ~ v l l i ~ h  I must advert,' namely, 
the philosophical division of the vegetable 
kingdom into convenient groups of various 
grades, as divisions, subdivisions, classes, 
subclasses, orders, suborders, etc. Such 
groups are in a sense natural, in that they 
are usually characterized by sti*uctures 
which are conceived to have been evolved 
from others somewhat like them. Yet these 
have failed to commend themselves perma- 
nently, no doubt because generally they 
have been based upon only one or at  best 
a few closely related characters. Thus the 
somewhat recent attempt to divide the vege- 
table kingdom into Protophytes and Meta- 
phytes is an apt illustration, as is also its 
earlier division into Phanerogams and 
Cryptogams. And of like nature was the 
suggestion to divide the dicotyledonous 
plants into Chalazogamae and Porogamae. 
The proposal made by Sachs to divide the 
Thallophytes into Zygosporeae, Oosporeae 
and Carposporeae, while no doubt i t  did 
much to dispel the confusion with regard 
to the plants included, failed to commend 
itself generally because i t  separated dearly 
related groups of plants. The failure of 
this arrangement was due not so much to 
the fact that it was based upon one char- 
acter-namely, the mode of sexual repro- 
duction-as to the far  more important fact 
that i t  took practically no account of the 
evolution of the plants constituting the 
groups. Herein was its wealmess, and in 
spite of the advantage of clearness and ease 
of understanding which i t  possessed to a 
marked degree, i t  was never adopted by 
systematic botanists. 
ilfew columns back I said that a natnral 

classification must be an expression of a 
theory of evolution. I tirill go farther now 
and say that i t  is sound scientific practise 
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to change our classification when we change 
our theory of evolution. This follows log- 
ically as a corollary of the main thesis, but 
it is well to place our acceptance of it on 
record, lest in our zeal for consistency we 
may neglect it. No system of classification 
should stand in its entirety after the theory 
of evolution upon which i t  is based has 
experienced any change whatever. The 
two must be modified simultaneously, for 
they are parts of a common system. 

What does the theory of evolution in- 
volve to-day? It will be well to pause here 
for a short enumeration of the principal 
features of this theory 80 far  as they bear 
upon the question of classification. I need 
scarcely remind you that for the purposes 
of this discussion i t  is not necessary to 
decide between the different schools of evo- 
lutionists, since their differences are allnost 
wholly of such nature as to have little or 
no bearing upon a system of plant taxo- 
nomy. 

Elsewhere4 I have enumerated the fol- 
lowing dicta as involved in the theory of 
evolution as applied to the vegetable king- 
dom : 

1. I n  general the lower plants came into exist- 
ence first. 

2. I n  general the higher plants sprang from the 
lower. 

3. FIigher plants are more complex than the 
lower. 

4. Structures with many similar parts (homo-
geneous) are lower, those with fewer and dis-
similar parts (heterogeneous) are higher. 

5. Evolution is not always upward, but often 
involves degradation and degeneration. 

8. Evolution does not necessarily ixvclve all 
organs of the plant equally in zny particular 
period. 

7. One organ of a plant may be advancin~ while 
another is retrograding. 

8. Upward developillent is sometimes through 
an increase in complexity, and sonletimes by a 
simplification of an organ or a get ol organs. 

"'A Synopsis of Plant Phyla," University of 
Nebraska Studies, October, 1907, p. 1. 

9. In  some cases particular structures become 
more simple while the plants tticmselves become 
more complex. 

10. Evolution has generally been consistent, and 
when a particular progression or retrogression has 
set in i t  is persisted in to the end of the phylum. 

11. Retrogression, once set in, nsually persists, 
an1 is not followed by a p.ogress,on. 

12. Hysterophytic degeneration is persistent, and 
the hystcrophytic phylum never becomes halo-
phytic. 

13. In  the first stages in the development of any 
organ, whether upward or downward, ihe new 
structures are not as fixed as tiley become later, 
and in these earlier conditions there may be re-
versions t o  the ancestral structvres, while later 
such reversions do not occur. 

14. All plant relationships are genet~c. 
15. Plants are related up and dozwn the genetic 

lines, and the system of plants to be quite natural 
must recognize these phyla. 

While these fifteen dicta are by no 
means all that might be cited, they will 
su6ce for my present purpose. From 
them the phyletic idea in taxonomy fol-
lows logically. Since all natural groups 
must be phyletic, only that arrangement is 
natural that recognizes these in their en-
tirety. I t  should no longer be permissible 
on scientific grounds to propose a classi-
fication which is not phyletic. 

We may now profitably inquire as to the 
origin of phyla, and to seelr an answer as 
far  as i t  is possible to find one in general 
terms and on theoretic grounds. Stated 
philosopliically, from what we know of the 
relationship of organic beings i t  is obvions 
that a phylum originates with the incoxn- 
ing of a new idea. Stated structurally, 
i t  has its beginning with the development 
of a dominant morphological peculiarity. 
Stated taxonomically, its initial point is 
indicated by the appearance of a new char- 
acter. 

Every phylum is the result of a develop-
ment which differs from that which pre- 
ceded it because of the incoming of a new 
dominant idea. This dominant idea was 
manifested structnally by a divergence 
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from the previous lines of evolution, and 
this point of divergence is the actual origin 
of the new phylum. As far  as this idea 
dominates, so fa r  does the phylum extend, 
and when a still newer idea comes in and 
attains dominance, a still newer phylum 
has its beginning. 

I n  this manner may we mark the begin- 
ning and the extent of phyla. They origi- 
nate with a divergence which is the ex-
pression of a new idea. I t  is what we 
often call a "tendency." I n  taxonomy we 
refer to i t  as a "new character," this latter 
term beinq sometimes somewhat confus-
ingly applied to the underlying idea and 
sometimes to its obvious structural ex-
pression. 

The result of the successive develop-
ment of phyla is quite like that in a tree 
where newer branches spring from older 
ones by the formation of buds, from which 
branches develop in succession. And as 
there are branches of all grades, from the 
primitive diverging growths which event- 
ually divide the tree profoundly into great 
segments, through the smaller and smaller 
branches to the very recent slender twigs- 
the growths of but yesterday-so i t  is with 
the development of successive phyla from 
one another, the result being a complex 
tree-like aggregation with older phyla 
below and younger and smaller phyla 
above. 

I n  order to discern phyla, the botanist 
must certainly be familiar with the whole 
vegetable kingdom, or at  the least with the 
great region in which the particular phyla 
uncler consideration occur. He must be 
able to bring to mind the families, genera 
and species of plants with such clearness 
as will enable him to see the direction of 
the evolutionary current-the "drift" of 
evolution in the vegetable kingdom as a 
whole, and in the particular portion im-
mediately uncler his consideration. I 
know that this is often a difficult task, just 

as it may be very difficult to determine the 
direction of the water current in a lalre by 
observations at  one point only: yet it 
may be very easy when the points of ob- 
servation are multiplied. So it is here 
difficult, ancl perhaps impossible, for the 
man whose point of view is limited to a 
small portion of the botanical shore-line. 
The trained eye of the experienced marl can 
catch the drift  of the waters from a few 
properly selected points of observation, 
and likewise the trained eye of the botanist 
from observations at  properly selected 
stations may detect the direction of evolu- 
tionary progress, as well as the origin and 
extent of the resulting phyla. 

Applying what has been suggested in the 
foregoing brief and somewhat desultory 
discussion, it appears to me that we may 
recognize the following plant phyla of 
primary rank : 

1. Ilfyxophyceae, in which the dominant 
idea is the simple n~lcleus, typically not 
limited by a nuclear membrane. The 
simple plant body, of one or only a few 
cells, the blue-green diffused pigment, and 
the soft and often gelatinous walls may be 
regarded as characters of secondary im- 
portance. 

IIere are included also many hystero-
phytes (bacteria) which I regard as de-
generates from the normal plants of this 
phylum. 

Probably from the highest Ilfyxophyceae 
came the second phylum- 

2. ProtopJ~yceae, in which the dominant 
idea is the definite nucleus, limited by a 
nuclear membrane. The simple plant 
body of one cell or of a repetition of mostly 
similar cells, the typically motile, ciliated 
gametes, the definite chromatophores carry- 
ing a chlorophyll-green pigment, and the 
usually firm cell wall, are limiting sec-
ondary characters. 

I here include Plezcrococcaceae, Ulvaceae, 
Ulotrichaceae, Bedogoninceae, Goleochae-
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baoeae, and a dozen or so relatecl families. 
This phylum has been unusually pro-
ductive of other phyla of primary and 
secondary rank, ancl elsewhere5 I have 
bazardcd the suggestion that from the 
lower Protoplzyceae (near Protococcoideae) 
a phyletic line passed off and gave rise to 
the animal lcjngdom. 

Springing from the filamentous Pro-
fophyccae is the third phylum- 

3. Z y g o p l ~ y c e a e , in which the sluggish 
cells easily separate, and the non-ciliated 
gametes move feebly. This is a phylum on 
the down-grade, aricl all of its members 
show structural clegeneration. In  the 
desrnids and diatoms the filarncnts usually 
separate early into single cells, resulting 
in the so-called "unicellular" structure of 
these plants. 

The filarnentolls pondscums ( S p i r o g y -
raceae, Zygizenzatncecce ancl Mcsocarpa-
ceac)  are here helcl to have given rise 
by early fragmentation to several secon-
dary phyla, including the three fainilies 
of desmids, and the many families GB 
diatoms. 

From the filanlentous Protophyceae there 
came also the fourth phylum- 

4. X2:p?zo~top1~yceae,in which the domi- 
nant idea is the developlnent of coenocytcs. 
The retention of t l ~  typically motile cili- 
ated gametes producing simple zygotes 
upon uniting, the chlorophyll-green chro- 
matophoves, and the mostly filamentous 
or upright plant body which is rooted 
below, are important secondary characters. 

Eeginning with the segnlented Clado-
p h o ~ ~ u c e n etwo secondary phyla may be 
recognized-one (Vaz~cher io ideae)of fila- 
mentous plants--the other ( B ~ y o p s i d o i -
d e a e )  of upright and branchcd plants. 

"The Structure nnii Classification of tllc Tmwcr 
Creen Algm," in Trans. dm. Uic. Society, Vol. 
XXVI., 1005, pp. 121-136; and latcr in ''A Syn-
opsis of Plant Phyla," 1007. See also my "Esscn-
tials of Botany," sixth edition, ISDG, pp. 137-8. 

Many species have degenerated into hys- 
terophytes. 

Again, from the filalnentous Protophy-
ceae came the fifth phyluin- 

5. Z'haeophyceae, in which the dominant 
feature is the addition of the bro~icrn pig-
ment (phycop2iaein) to the chlorophyll of 
the cclls. The typically motile, ciliated 
gametes, proclucing sin~plc zygotes upon 
uniting, and tlic filamentous to massive 
plant body, rooted below, are secondary 
limiting characters. 

Starting with the filamentous and often 
smdl Eciocarpaceae, this group readily di- 
vides itself into two well-marked secondary 
phyla-l'ltaeosporeae, and Cyclosporene, 
the former culn~inating in the gigantic 
Lantinariaccac, and the latter in the highly . 
developed Sa~gassaceae .  

Going back again to the fertile group 
of the filamentous Protopltyceae, we find 
the origin of the sixth phylum- 

6. Carpopkyceae,  whose dominant char- 
acters are the reddish pigment (phycoery- 
thrjn) added to the clilorophyll of the 
cclls, and the g r o ~ ~ t h  of the zygote into a 
spore-fruit. The nlostly erect, symmet-
rically bralsched and basally-rooted plant 
body, and the definite attainment of heter- 
ogamny, afford important secondary char- 
acters. 

IIere the typically marine Ba~zgioideae 
and Floridecne dominate the phylum, and 
these develop phycoerythrin in their cells, 
whilc the green fresh-water CJ~aroideae 
constitute a small side line. 

From the more primitive, probably fila- 
mentous C a ~ p o p h y c e a ecanle the seventh 
phylnm-

7. Ca~ponzyce tcae ,whose clonlinant idea 
is the abandonment of the holophytie 
habit, and the adoption of the hystero- 
phytic habit, vi th the disappearance of 
chlorophyll, resulting in the atrophy of the 
vegetative portions of the plant body and 
the increase in reprodnctive structures. 



The sporefruit inherited from the pre-
ceding phylum undergoes many changes 
and is often degenerated, and this soine- 
times involves the gametes theniselves. 

This phylum is one of niarkeci departure 
from the general upgrade evolution in the 
vegetable kingdom, and its successive 
smaller phyla show increasing degenera- 
tion in the structure of the plant body, 
which in the rusts and smuts becomes ex-
cessive, while in some cup-fungi (Pexixales 
and Helvellales), puff-balls (Lycoper-
dales)  and toadstools (Hy~ne?zomycetales)  
the spore fruit is relati~ely very large. 

From the higher Protophyceae (prob-
ably near Coleochaetales) came the eighth 
pliylum-

8, Bryophyta ,  in which the dominant 
idea is the growth of the zygote into an 
alternate, short-lived generation, the sporo- 
phyte, and the consecluent adoption of the 
land habit. 

The two secondary phyla are Hepaticee 
and i t l u~c i .  

From the lower Bryophyta  (probably 
near Antl~ocerotales)  came the ninth 
phylum-

9. Pteridophyta, whose dominant char-
acter is the growth of massive roots and 
broad leavw upon tlie sporophyte, render- 
ing i t  long-lived and independent, and re- 
w l t i ~ gin the postponen~ent of spore 
formation. 

It must be noted bere that I use the 
term Pfe9-idopkyta in the narrower sense, 
limiting i t  to ferns (Fil icinae) and ex-
cluding lycopods and horsetails. The ink 
coming of l~eterospory in some ferns is a 
significant fact. 

From the lo~ver Ptel.idopkyta (probably 
near Ophioglossales) came the tenth 
phylum-

10. LepicZophyta, in which the dominant 
character is the long-lived, erect cylin-
drical sitem of the sporophyte, n-liieli bears 
massive roots below, is covered with many 

small scattered leaves, and terminates in a 
strobil~~sof imbricated sporophylls above. 

From the lower Pter idopl~yta  again 
(probably near Ophioglossales) came the 
eleventh phylum- 

11. Calan~ophyta, in which the domi-
nant character is the long-lived, erect, 
cylindrical sten1 of the sporophyte, which 
bears massive roots below, regularly 
whorlecl leaves and branches, and termin- 
ates in a strobilus of whorled sporophylls. 

I11 the two preceding phyla, l~eterospory, 
although present, has not yet becortie $xed, 
In both the increased definiteness of the 
strobilusl is significant. 

Froni other lower Pteridophyta (near  
Marattiales of Isoetales) came the twelfth) 
phylum-

12. Cycadopkyta, in which the dominant 
idea is the uniform production of lietero- 
spores in simple strobili of open sporo-
phylls, upon the megaphyllous, spongy-
wooded sporophyte, and the permanent r e  
tention of the megaspore in the sporan- 
gium, thus forming the seed. 

I here include not only the cycads proper 
(Cycad.1'neae), but also the much more 
primitive "seed ferns" (Cycadofilices), 
the ancestral conifers (Co~da i t ineae ), t he  
ancestral flowering plants (Bennet t i -
tiqteae), and the maiden-hair trees ( G b k -
goi~zeae). 

From Cycadophyta came the- 
13. Gnetales, if indeed they are not ts 

be regarded as belonging to that phylum, 
The three genera are doubtless the s~m-

viving remnants of former rather well de-
veloped secondary phyla, now nearly ex-
tinct.6 

From the Cycadophzjta came the four- 
teenth phylum- 

14. Strobilophyta, in which the domi-
nant idea is the developmel~t of definite, 

Consult here Arber and Parkin's paper on the. 
Gnctales, in Annals op Botany, Vol. XXI. (IOOS), 
p. 489. 
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compact strobili of open aiicrosporophylls 
and megasporophylls upon tEle micz*ophyl- 
lous, solid-~voody sporophyte. 

I regard the cone-bearers proper-Tax- 
odiaceae, Arazlcariaceae, Abietaceae, bu-
pressaceae, etc., as more primitive, and that 
from these have sprung such specialized 
forms as Podocarpaceice, Phyllocladaceae 
and l'axaceae. 

From the Cycadophyla came also the 
fifteenth phylum- 

15. AntZtophyla, in which the doininant 
idea is the closure of the lnegaspor~phyll, 
and the transformation of the plain stro- 
bilus into the ornanlental flower. 

I am very glad to be able to suggest the 
restoration of the wholly appropriate name 
-8ntllophyta-for this phylum. As I 
concei~re this immense group, it is rather 
sharply divided into three secondary 
phyla which diverge from a cornmon point 
of bcginning-the so-called "Rmalian 
plexus." Two of these secondary phyla 
are dicotylcdonous, while the third is mono- 
cotyledonous. The first culiliinates in the 
mints (Lanziales), the second in the sun- 
flowers (ilste,.ales) and the third in the 
orchids (Orchidales). 

With regard to the velat ti on ship of the 
four phyla last named many facts have 
been brought to light during the past few 
years, which have quite materially inodificd 
the generally prevailing theories. With 
the publication of Wieland's epoch-ma-
king boolr on American cycads7 attention 
has been centered upon the primitive 
cycads as the group of gymnosperms from 
which the angiosperms must have sprung. 
I t  is no longer a tenable hypothesis that 
the conifers are allied to the An~entiferae, 
as has long been held by many botanists. 
I t  is no longer necessary to begin the 
phylogeny of angiosperms with apetalous 
forms so as to nlalte casier the passage 

"Ameriean Fossil Cyeads," by G. R. Wieland, 
1906. 


fro111 Coniferae. I n  fact, for many years 
there have been those who held that apet- 
alous plants are not primitive, but on the 
contrary have been derived from petalous 
forms by reclnction. Sixty years ago or 
more Jussieu hinted at the real nature of 
apetalous plantss and suggested the primi- 
tive nature of the Rannles, and consistently 
placed the Cornpositae at the summit of 
his s3.s t;en~. 

I n  the vice-presidential addressD which I 
had the honor of delivering before this sec- 
tion fifteen years ago, after a careful ex-
alninatioil of the families in the so-called 
Apetalae the conclusion was reached that 
"when we search for fanlilies in the Apet- 
nlae which may satisfy the requirements 
of a primitive group from which the dico- 
tyledons may I-lave evolved, we find none 
which will serve our purpose." Following 
the hint of Jussiea. the attempt was made 
to distribute the apetalous families among 
polypetalous and ganiopetalous orders. A 
revisioil of tlie rnoi~ocotyledonous and dicot- 
yledonous orders was made so RS to bring 
the apocarpons fainiljes near the beginning 
(lo~vest) point. Thus the water-plantains 
(Alisn~ales)were given the first (lowest) 
place xmonq niouocotyledons, and bntter- 
cups (Ralaales) and roses (Resales) similar 
places arnong dicotyledons. Prom the 
water plantains (Alismnles) a phyletic line 
was traced through the lilies (Liliales) to 
the modified (simplified) calla lilies (Aroi-
&xlcs), palms (Palntal~s) and grasses 
(G9~a~,zz~zrrlcs),which form lateral oEshoots 
of tlie main line, and tlien onward from 
lilies (Liliales) through irises ( I f idales)  
to orchids (OrcJ?idales). I n  like manner a 
phyletic line was traced from buttercups 
(Ranales) to pinks (Caryop7zylZales), prim- 

8''The Elements of Botany," by Adrien de 
Jussieu; translated by Wilson, 1848, p. 543. 

Proceedimgs of the American Association for 
tlic Advancement of Science, Vol. XLII., 1893, 
p. 245. 
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roses (Prirnzclales) ,phloxes ( P o l e m o ~ e s )  
to figworts (Personale$) and mints (Lami- 
ales). Another line was sketched from 
roses (Rosales) to umbelworts (Umbell-
aZes), madders (Rubiales) and sunflowers 
(Asterales). Certain details of that ar-
rangement, as the disposition of Celastrales 
and Sapi?zdaZes, and the retention of the 
Choripetalae and Gamopetalae as valid 
groups, were subsequently found to be 
erroneous, and were corrected, but in the 
main the system as then outlined has been 
sustained by subsequent careful studies of 
the families. 

Two years laterlo this general arrange- 
ment was expanded so as to include brief 
characterizations of the orders, suborders 
and families, and in it the Celastrales and 
Sapindales were brought into the phyletic 
line extending from Rosales to Asterales, 
but the Choripetalae and Gamopetalae were 
still recognized as valid groups. 

A year later, in an elementary text-
bookl1 the Choripetalae and GamopetaZae 
were abandoned as definite groups of angio- 
spermous orders, since it is evident that 
gamopetaly has been attained independ-
ently in at least two phyletic lines. 

In  my presidential address12 before the 
Botanical Society of America in 1897, the 
dicotyledons were arranged in "two some-
what diverging genetic lines or phyla, each 
beginning with apocarpous, hypogynous, 
choripetalous plants, and both attaining 
syncarpy and gamopetaly, one remaining 
hypogynous, the other becoming epigy-
nous." A little later it is explained that 
"since gamopetaly has evidently been at-
tained at  more than one point, it is no 

loI n  Johnson's "Universal Cyclopedia," Vol. 
VIII. 	 ( 1895). 

"The Essentials of Botany," sixth edition, 
1896, p. 322. 

""The Phylogeny and Taxonomy of Angio-
sperms," August 17, 1897. Published in Botanical 
Baxette, Vol. XXIV., p. 145. 

longer desirable to retain the Gamopetalae 
as a distinct group." 

The latest restatement of this arrange- 
ment of the flowering plants was published 
at the beginning of the present year in my 
"Synopsis of Plant Phyla, "13 already re-
ferred to earlier in tllis address. In  it 
many minor corrections were made, and 
some suggestions were hazarded as to the 
point of origin of angiosperms, and con-
ifers. These suggestions followed the line 
slietched by Arber and Parkin in their 
paper on the "Origin of Angiosperms"14 
published a few months earlier. Basing 
their argument upon the discoveries of 
Wieland16 these authors concluded that 
angiosperms mere derived from Cycadean 
ancestors of the Bennettitean type, with an 
open flower-like strobilus ("pro-anthostro- 
bilus ") of megasporophylls, microsporo- 
phylls ("amphisporangiate") and asporo- 
pliylls ("perianth ") . As a consequence 
they arrive at the conclusion that primitive 
angiosperms were necessarily polypetalous, 
hypogynous and apocarpous, precisely the 
conclusion reached by me on theoretical 
grounds more than fifteen years ago, and 
since then persistently held in the face of 
the increasing popularity of Engler7s sys- 
tem. It would now appear probable that 
there must soon be another rearrangement 
of the flowering plants. We have recently 
witnessed the almost complete inversion of 
the sequence of the families of flowering 
plants in our systematic manuals, and i t  
appears now that we shall barely have time 
to become accustomed to the new order 
before nle shall have to learn still another. 
It seems now inevitable that such orders as 

lS "A Synopsis of Plant Phyla," in University 
of 'Nebraska Studies, October, 1907 (issued Feb- 
ruary, 1908). 

"The Origin of Angiosperms," by P. A. Newel1 
Arber and John Parkin, in Linneaa Society's 
Jourqzal-Botany, Vol. XXXVI'II., July, 1907. 

l6 "American Fossil Cycads," 1906. 
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the buttercups (Eanales) , water plantains 
(Alisnzalcs), and roses (Xosnlcs) are to be 
regarded as primitive, and as a consequence 
they must stand at  the beginning of the 
great phylum Antlzophyta, as also each 
must stand at  the beginning of its smaller 
phylum. That the phylum beginning mith 
the water plantains (Alismcrles) must find 
its highest developlnent in the irises (Irid- 
ales) and orchids (Ovchidales) can not be 
doubted; nor can i t  be questioned that 
grasses (Granzinales) , calla l i l ia  (Aroid-
ales) and palms (Palnzales) must now 
stand as reduced from the type of the lilies 
(LiZiales). This leaves no room for radical 
differences of opinion, and in fact little 
room for any but the most minor differ- 
ences in regard to the proper sequence of 
the monocotyledonous families. 

I n  like manner beginning mith the Ra- 
nalian type in the dicotyledons, i t  is obvious 
that one phyletic line c~zlminates in the 
gamopetalous, bicarpellate, hypogynous 
order of the mints (Lamiales), while an-
other passes through the roses (Rosales) 
(if indeed they are not themselves primi- 
tive), and umbel~vorts (Umbellales) to the 
sunflowers (Asterales) . IJere again, with 
regard to the details as to the intermediate 
orders there may be much difference of 
opinion. Yet there will be no question that 
in one line the pinlis (Caryop7~ylbales) and 
mallows (Mulvales) are lower than prim- 
roses (Prirnulales) and heaths (Ericales), 
nor that the latter are lower than phloxes 
(Polemoniales) and mints (Lamiales) . I n  
the other line the myrtles (Myrtales) are 
clearly l o ~ ~ ~ e r  nmhel~vorts (Umbell- than 
ales), while the latter are manifestly lowey 
than madders (Rubiales), and these than 
sunflowers (Asterales). In  fact whcn we 
agree to the hypothesis that polypetalons, 
hypogynous, apocarpous Ao~verc, are primi- 
tive the great ontlines of the pliylum (or 
phyla) are quite obvious, and the only qaes- 

tionable points are with reference to the 
place and sequence of intermediate orders. 
And i t  is here that much critical work in- 
vites the close attention of taxonomists. 
The great outlines-the boundaries of the 
phyla-are drawn, but the particular man- 
ner in which many of the interior families 
are related to each other has not yet been 
made out. 

The principles here brought forward, and 
the general plan which I have so hastily 
slietched, havc been so serviceable in the 
presentation of the subject of taxonomy 
in my lectures to university students that 
I venture to lay them before you as a gen- 
eral working hypothesis. My own success 
in its use encourages me in the hope that 
in the hands of others it niay be cqually 
helpful in enabling the student of taxonomy 
to more clearly apprehend the mode of 
evolution in the vegetable kingdom, and 
the consequent relationship of the result- 
ing multiplicity of types. 

CHARLESE. BESSEY 
TIIE UNII'ERSITYOF NEBRASRA 

TBE DARTVIN CELVTENAEY AT CA,VRIZIDTDBE 

SOMEdetails are given in the London 
Times of the celebration by the University of 
Carnbridge of the centenary of the birth of 
Charles Darwin and the jubilce of the first 
publication of "The Origin of Species." I t  
is expected that dclegates selected by univer- 
sities, acadeinie~, colleges mil learned so-
cietiics will arrive in  Carnbridge on Tuesday, 
June 22, and that the arrangements for their 
entertainment, which are, however, subject to 
alteration, will be as follows: On the evening 
of the twenty-second there will be a reception, 
probably in the Fitzlvilliam >fuseurn, by the 
chancellor. On Wetlnesday, June 23, ad-
dresses will be presented by the dclcgates to 
the university in the senate house. I t  is 
hoped to present to each delegate a copy of 
ibe first draft of "The Origin of Species." 
I n  the afternoon there mill be a garden party 
a t  CE*rist7s College, where Darwin was a stu- 


